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Abstract 
Energy is an essential element of socio-economic development and electricity is one of the most widely used forms of 
energy. There is world over attention on harnessing more and more renewable energy sources due to rising cost of fossil fuels 
based electricity. Among all the renewable energy sources, small hydro power (SHP) is considered to be one of the most 
environmental friendly cost-effective energy technologies for generation of electrical power. Economic viability of a SHP project 
is very important along with its technical feasibility for taking investment decision. In this paper, an attempt has been made to 
evaluate the performance of some existing SHP plants considering the parameters like generation cost, operating cost, 
maintenance cost, shortage of generation and percentage variation in generation to select best operating plant.  Multiple Attribute 
Decision Making (MADM) method has been used for evaluation of the plant performance and selection of the best operating 
SHP plant.  
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1. Introduction 
Power is very important infrastructure in overall development of any nation in the world. It is the tool to forge 
the economic growth of the country. There has been therefore an ever-increasing need for more and more power 
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generation recently in all countries of the world. The renewable energy resources being harnessed at present include 
solar, biomass, wind and small hydro. The renewable energy sources especially, small hydro power have an 
inexhaustible potential and may help in alleviating the burden of fossil fuels between the demand and the supply 
with economical benefits to the country. Hydropower is considered as one of the most promising available energy 
sources in the world (Ramanathan & Abeygunawardena, 2007). 
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2. Small hydropower  (SHP)  
 Small Hydropower is one of the earliest known renewable energy technology in existence. It is a proven and 
clean source of energy. In hydropower, electricity is generated, when water pressure is converted into mechanical 
energy by using hydro turbine and used to derive the electric generator (Naidu, 2005). The power available is 
proportional to the product of head and discharge. The mechanical power P in watt, produced at the turbine shaft can 
be estimated as; 
   wgQhtP ρη=      (1) 
 Where is the hydraulic efficiency of the turbine, the density of water (kg/m3), g the acceleration due to gravity 
(m/s2), Q the discharge (m3/s) and h is the head of water acting on the turbine (m). Hydropower projects are 
classified based on installed capacity. Classification of SHP schemes in India is described in Table1 (Naidu, 2005& 
Nigam, 2008). Different countries follow different norm to define SHP based on installed capacity. 
Table 1. Classifications of SHP Schemes. 
Type Station Capacity 
Pico Up to 5kW and below 
Micro Up to 100 kW 
Mini 101kW to 2000 kW 
Small 2001kW to 25000 kW 
  
The basic components of small hydropower scheme can be broadly classified as (i) civil works and (ii) electro-
mechanical equipment. Fig.1 shows a schematic for various components of typical small hydropower scheme. In 
this paper an attempt has been made to select best operating SHP site by using MADM method. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. General layout of small hydro power project (Naidu, 2005). 
3. MADM methods 
MCDM is a method used to formulate decisions in the existence of many criteria. MCDM can be separated into 
two categories: (i) Multi-Attribute Decision Making and (ii) Multi-Objective Decision Making (MODM). MADM 
methods are used to select the top ranking alternative described in various attributes; whereas MODM methods 
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optimize the design of various alternatives involved in multiple objectives of decision maker (DM) (Hwang & 
Yoon, 1981, Shanian & Savadogo, 2006, Jee & Kang 2000).MADM methods have wide application areas like 
transportation, logistics, urban planning, health, environment safety, marketing, finance, education, economics, 
energy management, water resource management etc. The classification of MADM consist of, AHP, weighted sum 
method (WSM), WPM, TOPSIS, Modified TOPSIS, Fuzzy approach, ELECTRE,  VIKORetc (Das & Srinivas, 
2013). 
 
3.1. Analytic Hierarchy Process 
The Analytic Hierarchy Process, introduced by Thomas Saaty in 1980 is a powerful decision making method to 
set priorities and select the best decision. It is largely accepted approach for complex decision-making problems. It 
decomposes the hierarchy of problem i.e. objectives, attributes/criteria and alternatives as shown in Fig. 2. AHP help 
in selecting best decision by best fitting objective as well as subjective factors more than other MADM methods 
(Saaty, 1980 &Rao, 2008). 
Fig. 2. Decision hierarchy of AHP (Saaty, 1980). 
 
AHP technique is normally divided in three steps as follows:                                                                                      
Step 1. Make a decision hierarchy structure of a complex decision making problem and divide into sub-problems 
(criteria, decision alternatives, etc.), inside hierarchy. In hierarchy structure, objective is at top then define 
alternative at second place and at last decision alternatives (Khorshidi et al., 2013). 
Step 2. Decompose the problem to construct hierarchy and determine relative importance of all alternative at all 
levels with their pair-wise comparison.  
i.  To get relative weights in AHP, recognize the attributes designed for measured material for filling the 
requirements.  
Considering ܥ ൌ ܥ௝ǡ ሺݓ݄݁ݎ݆݁ ൌ ͳǡʹǡ ǥ ǡ ݊ሻ as the criteria for set, the effect of the pair-wise 
assessment on n criteria can be summarized in (n × n) valuation matrix A. Each element as ܽ௜௝ሺݓ݄݁ݎ݁݅ǡ ݆ ൌ
ͳǡʹǡ ǥ ǡ ݊ሻ denotes the comparative significance of aspect i with value factor j.  
ܣ ൌ ൦
ͳ ܽଵଶ െ ܽଵ௡
ܽଶଵ ͳ െ ܽଶ௡
െ െ െ െ
ܽ௡ଵ ܽ௡ଶ െ ͳ
൪  , ௝ܽ௜ୀ భೌ೔ೕǡ௔೔ೕసబ
    (2) 
ii. The normalized relative weights of each element are obtained by calculating the geometric mean in the 
comparison matrix. 
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 ܩܯ ൌ ሼܽ௜ଵ כ ܽ௜ଶ כ ܽ௜ଷ כ ǥ Ǥכ ܽ௜௝ሽ
భ
೙
  (3)    
 and 
 ௜ܹ ൌ ܩܯ௜Ȁσ ܩܯ௜
௝ୀ௡
௝ୀଵ      (4) 
iii. Obtain matrix X which denotes an n-dimensional column vector.  X = A × W, where: 
ܹ ൌ ሾ ଵܹǡ ଶܹǡ ଷܹǡ ǥ ǡ ேܹሿ்     (5) 
ܺ ൌ ܣ כܹ ൌ ൦
ͳ ܽଵଶ െ ܽଵ௡
ܽଶଵ ͳ െ ܽଶ௡
െ െ െ െ
ܽ௡ଵ ܽ௡ଶ െ ͳ
൪ ൦
ଵܹ
ଶܹ
െ
௡ܹ
൪ ൌ ൥
ܿଵ
ܿଶ
ܿଷ
൩  (6) 
iv. Estimate consistency values (CV) designed for the group of alternatives represented through the vector. 
ܥ ௜ܸ ൌ
௖೔
ௐ೔
     (7) 
v. Find the biggest eigen valueߣ௠௔௫ .  
vi. Determine the consistency index (CI) as; 
ܥܫ ൌ ሺߣ௠௔௫ െ ݊ሻȀሺ݊ െ ͳሻ     (8) 
Lesser the value of CI, minimum is the deviation from consistency. The excellence of the result firmly 
interrelated to consistency of the pair-wise evaluation of the AHP judgments. 
The random index (RI) is used in the decision making as shown in Table 2. (Rao, 2008&Khorshidi et al., 
2013). 
vii. Consistency ratio (CR) is indicated as; 
   ܥܴ ൌ ܥܫȀܴܫ      (9) 
The accepted value for the CR is less than 0.1 and in case it increases, the whole process is repeated to get 
better value for CR. It is used to evaluate the consistency of decision makers and overall hierarchy.  
Step 3. It is required to convince that the assessment of the pair-wise comparison to satisfy each of the attributes 
has been carried out in much better way. The complete flowchart of the AHP method is outlined in Fig.3. 
 
 
Fig. 3.  Flow chart of AHP method. 
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Table 2. Random index (RI) values. 
Attributes 3 4 5 6 7 8 9 10 
RI 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 
 
4. Analysis for best operating site selection 
  
 In this study, an analysis is carried out to select the best operating SHP site by using the AHP technique of 
MADM method. For analysis five SHP sites in Himachal Pradesh state under Himachal Pradesh State Electricity 
board (HPSEB) have been selected. Detail of all these sites are given in table 3 (hpseb.com). 
 
Table 3. Brief detail of SHP projects. 
 
S. 
No. 
SHP Project 
 
Commissioning year Project 
capacity 
(MW) 
Project 
Units 
Annual 
generation 
target  (MU) 
Location 
(District) 
River/khad/ nallah 
1 Baner 1996 12 3×4 40 Kangra Banerkhad 
2 Gaj 1996 10.5 3×3.5 40 Kangra Gajkhad 
3 Khauli 2007 12 2×6 43 Kangra Khaulikhad 
4 Sal-II 1999 2 2×1 5.5 Chamba Sal nallah 
5 Holi 2004 3 2×1.5 10 Chamba Holi nallah 
 Where MW: Mega Watt and MU: Million Units            
  
For selecting the best site, the criteria have been focused on the parameters such as generation cost, operation 
and maintenance cost, generation shortage, excess generation and project capacity of power plants.  
The best performed site has been selected considering five alternative project sites and five attributes as given in 
Table 4. The analysis carried out is described as follows: 
1)  The alternatives and attributes considered: the alternative project sites are Baner, Gaj, Khauli, Sal-II and 
Holi. The attributes are;generation cost (GC), Operation and maintenance (O&M) cost, generation shortage 
(GS), excess generation (EG) and project capacity (PC) of power plants.The data of attribute in table 4 like GS, 
EG and PC are converted into a scale of 1to 5, in which 1 shows lowest value whereas 5 has maximum value of 
corresponding attribute or criteria as given in table 5.  
2)   The normalized quantitative values for best operating site attributes are analyzed and given in Table 5. EG 
and PC are beneficial, whereasGC, O&M and GS are non-beneficial attributes, requiring higher and lower 
values respectively. Normalized values of different best operating site selection attributes are determined and 
given in Table 6. 
Table 4. Data considered for best operating site selection. 
S. No. SHP Project GC O&M GS EG PC 
1 Baner 1.61 24 -11.91 6.79 12 
2 Gaj 1.20 102 -5.35 11.56 10.5 
3 Khauli 0.93 68.5 -9.53 7.34 12 
4 Sal-II 0.96 45 -1.91 1.45 2 
5 Holi 0.59 60 -4.93 0.82 3 
  
 Where GC: generation cost (Rs. per unit), O&M: Operation and maintenance cost (Rs. In  lacs per year), 
GS: generation shortage (MU), EG: excess generation (MU) and PC:  project capacity (MW). 
Table 5. Qquantitative values for best operating site selectionattributes. 
S. No. SHP Project GC O&M GS EG PC 
1 Baner 1.61 24 5 3.2 5 
2 Gaj 1.20 102 2.4 5 4.4 
3 Khauli 0.93 68.5 4 3.4 5 
4 Sal-II 0.96 45 1 1.2 1 
5 Holi 0.59 60 2.2 1 2.4 
Table 6. Normalized Data for best operating site selectionattributes. 
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S. No. SHP Project GC O&M GS EG PC 
1 Baner 0.366 1 0.2 0.64 1 
2 Gaj 0.492 0.235 0.417 1 0.88 
3 Khauli 0.634 0.350 0.25 0.68 1 
4 Sal-II 0.615 0.533 1 0.24 0.2 
5 Holi 1 0.4 0.455 0.2 0.48 
  
 Relative importance of attributes (aij) is assigned as explained in section 3.1. The decision makers make the 
following assignments about the importance of each attribute as shown in decision Matrix given below. GC is 
considered equivalent significant as O&M cost. So, GC is assigned value ‘1’ over O&M cost (i.e. a12 = 1) and O&M 
is assigned value as ‘1’ over GC (i.e. a21 =1).  GC is somewhat important than GS. Hence, a value ‘2’ is assigned to 
GC over GS (i.e. a13= 2) and a relative importance ½ is assigned to GS over GC (i.e. a31= ½). GC is taken 
moderately important than EG, so 4 is the value given to GC over EG (i.e. a14=4) and relatively 1/4 to EG over GC 
(i.e. a41= 1/4). Similarly, GC is found extreme important than PC by the decision makers and assigned a value of 5 
over PC (i.e.a15= 5) and 1/5 is assigned to PC over GC (i.e. a51= 1/5). 
 
 
   
 
  
By following the section 3.1, normalized weights are calculated for all the attributes i.e. WGC = 0.353, WO&M = 
0.277, WGS= 0.198, WEG = 0.103 and WPC = 0.068. The value of  ߣ௠௔௫   is obtained as 5.137 and CR = 0.031. Thus 
CR value is found less than 0.1 means decision makers had made good judgment in assigning the values for 
consistency. 
3) The normalized data given in Table 6 are multiplied with weights to find the value of selection index 
corresponding to the SHP sites alternatives and given in Table 7 in descending order of preference based on 
selection index. 
Table 7. Best operating site Selection Index. 
 
S. No. SHP Project Selection index  Ranking order 
1 Baner 0.5797 3 
2 Gaj 0.4842 5 
3 Khauli 0.5083 4 
4 Sal-II 0.6010 2 
5 Holi 0.6071 1 
 From table 7, it is found that the SHP site number 5 has the highest selection index value among the other 
alternatives which means, it is the best performance operating site over others. Therefore for the best operating site 
selection index, using AHP method, the ranking order is found 3-5-4-2-1. The ranking of the attributes as obtained 
depends on the relative importance and preference decided by the decision makers. 
5. Conclusion 
 
 SHP plays a very important role in generation of power for development and economic growth. In hydropower 
plants cost of installation and O&M cost directly affect the generation of power through the useful life of the plant. 
In this study, An application of the MADM method for selecting the best operating SHP site based on AHP 
technique is used  and found the ranking order of the best operating site as shown in table 7 i.e. 3-5-4-2-1. Therefore 
this study shows that Holi SHP project is best operating site among others. 
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